Edith Whetnall's 'auditory approach' began with her observations of a group of deaf children who appeared to have developed spontaneous speech. She sought to know what characteristics those children shared that permitted them to develop speech with good voice quality, in contrast to that larger number of deaf children whose subsequent assignment to special schools left them less effective as talkers, and in many cases dependent on alternative means of communication with no speech at all. There appeared to be three factors that these children had in common: first, a very early detection of their hearing impairment; second, a parental attitude that combined acceptance with an aggressive determination to do something about it; and third, almost constant provision of acoustic stimulation, most often with amplification, and accompanied with speech communication principally on the part of the mother. In what follows, I would like to enumerate what appear to me to be the essential principles of Whetnall's approach, to indicate what empirical and theoretical support for those principles has appeared since, and to describe briefly the current status of their application.
Principles underlying the auditory approach The following principles were behind Edith Whetnall's belief in the earliest possible detection of hearing impairment and the earliest possible utilization of residual hearing with amplification aids.
(1) Hearing is learned before language: That sentence is deceptively simple. While there is evidence for reflex hearing in the youngest neonates, there are two aspects of hearing that must be acquired through learning or training. The first has to do with simple detection: the young child may give an initial response to a strange sound but then no further responsesthis is the 'orientation response', a kind of one-trial adaptation. Evidence for this is mostly clinical, (Lane 1976) . It was early suspected that the wild boy was deaf, because he made no responses to test sounds. However, the cracking of walnuts, his favourite food, always produced a clear response. The implication is that a response was elicited only by sounds with 'meaning'. When Edith Whetnall spoke ofauditory training for detection, she meant providing the circumstances for such associations between sound and reward. The second aspect of hearing which requires learning is more complicated. Performance other than detection involves discrimination between sounds, recognition and identification of sounds once heard and now to be recalled, and comprehension of sequences of sounds such as are found in speech (Erber & Hirsh 1978) . It is these behaviours that are most emphasized in the early auditory training of young hearing-impaired children as advocated by Whetnall, e.g. short sounds versus long sounds, and identification of various noisemakers, toys, and other sound sources.
(2) What is not used early may not be available for later use: Her experience with deaf and normal children led Edith Whetnall to suspect that there were critical periods for learning to hear, just as there appear to be periods somewhat later in life which are important for acquiring the basic rules of language. Clinical evidence for this is for the most part anecdotal; in general, teaching certain auditory tasks is harder the later training is begun. But as we shall see later, this important premise of Whetnall's work now appears to have a biological basis.
(3) Language is best learned in the give-and-take of communication: Whetnall's notion that children learned their language from the speech of those around them was not particularly new. Her innovation was to arrange conditions so that deaf children could be stimulated in a manner similar to that of normally-hearing children of the same age. She recognized that the first two years are of great importance to the hearing child's normal development of language. The deaf child who lacks auditory stimulation during these years is forced to wait to begin the preliminaries of language learning much later, in kindergarten or nursery school.
(4) Parents and other family members are the principal vehicles of learning to hear and speak: Whetnall emphasized the role of parents, of siblings and, in general, of ordinary rewardrelated communication in the home for two reasons. One is an application of learning theory: behaviour that is reinforced, that is instrumental in bringing about rewarding changes in the environment, tends to be repeated. The second reason for the emphasis on family communication was probably directed specifically against the conditions for learning characteristics of contemporary schools for deaf children.
Validity of auditory approach If I have interpreted correctly the underlying concepts for the auditory approach, how valid do they appear in retrospect, and what is their present status?
(1) Hearing and learning: Many of Edith Whetnall's colleagues laughed when she demonstrated better pure-tone hearing in children after a period of auditory training than before. Were we to think that a kind of auditory massage had 'awakened' the system and generated a lower threshold?
However, since then, the study of hearing has been significantly influenced by the theory of signal detectability (e.g. Watson 1973 ). This theory emphasizes that 'threshold' is a statistical concept and is determined not only by stimulus characteristics, but also by a likelihood of the subject's response. This likelihood is in turn related to rewards for responding to a signal and for not responding in the absence of a signal. Today we know very well that even with highlytrained, adult observers, performance on a number of auditory tasks improves with learning.
(2) Irretrievable loss with lack of experience: Biological studies with animal subjects suggest that there may be certain mechanisms underlying auditory discrimination and recognition which atrophy if not used by a certain age. For example, Hubel & Wiesel (1963) showed that early deprivation of visual experience in cats led later to poor performance on certain visual tasks, and was associated with loss of certain types of cells throughout the visual system.
We have few auditory studies in animals that are strictly analogous to the Hubel and Wiesel experiments on vision. However, Katz (1978) reviewed some suggestive information regarding less-than-severe deprivation in human patients. Of particular interest to otologists are reports of the dramatic effects of long-term conductive losses, sometimes fluctuating, on audiometric changes in the high frequencies and on language skills. If such relatively mild losses can so radically influence early auditory perceptual learning, it is clearly crucial that we provide the hearing-impaired child with optimum conditions for auditory learning as early as possible.
We emphasize again that it is not only simple-sound detection that is at issue in the first year. Clinicians know that complex sounds, like speech, evoke responses more surely than do pure tones, and further that discrimination between complex sounds can be demonstrated. By conditioning a non-nutritive sucking response, Eimas et al. (1971) have demonstrated in neonates subtle discriminations between, for example, 'ta' and 'da'. Whether such performance is mediated by genetically determined mechanisms or by learning alone, it is a basic performance that must be built upon.
(3) Normal language acquisition: The last twenty years have seen an explosion of information on the acquisition of language by normally-hearing children. These results on the stages of acquisition are too extensive to cover in detail, but we should note that the evidence for a number of important signposts along the way appears now to justify many of Edith Whetnall's principles.
It is probably unnecessary to remind those who deal with hearing-impaired children of the basic importance of the first and second years of life to the development of language. You have only to recall the remarkable differences between children who are born severely or profoundly deaf, and those who do not become severely hard of hearing until after about age two.
For the first six months, normally-hearing as well as deaf babies produce what seem to be the same sorts of sounds, and these sounds are of a greater variety than is required for speaking any one language. After about the third quarter of the first year, the influence of those speaking around the infant apparently works to shape the child's sound repertoire. This change involves both an increase in sounds similar to those spoken by others, together with a decrease in those babbled sounds that are not part of the mother tongue. The infant's genetic equipment does not guide him in selecting which babbled sounds to retain for language learning; rather, the sounds selected seem to be guided entirely by auditory input from the infant's language environment. In addition to individual speech sounds and words, we also find patterns of intonation, or melody which first appear toward the second half of the first year. During the second year, the child's speech sounds come to approximate closely adult versions; and improvement in the production of speech sounds and clusters of sounds (words) continues throughout half a dozen years.
Another aspect of language development concerns grammar. The syntactic forms that are used by infants in producing what have been called the precursors of sentences begin with single-word utterances at or near the end of the first year. From the beginning of the second year we hear strings of two words, such as 'mommy sock'. In this stage, adults communicating with the child typically expand on these two-word sequences to generate a more adult sentence form. In response to 'mommy sock' a mother may say, 'Yes, mommy will put on your sock'. These expansions may be among the models out of which the infant begins to modify his own utterances in the direction of the adult grammar (Brown & Bellugi 1964) .
Most of the recent research in psycholinguistics concerning the acquisition of a first language has focused on the years following the age of two. This emphasis has obscured the crucial developments occurring during the first year of life. There is, for example, little definitive work on the transition from babbling at 6-8 months to the production of sounds that are more speech-like. In the child with normal hearing that transition not only demonstrates the auditory influence of the language community, but also provides indirect evidence of the complicated role played by the auditory system at that early age. Proponents ofearly acoustical training for hearing-impaired infants have rightly emphasized the auditory learning that takes place during the first year, but their recommendations have often been ignored by those who remain focused on the stages of language development occurring in the second year. Certainly, if an infant with impaired hearing is going to be as ready as possible for language learning in that second year, there must be auditory experience throughout the earliest months if the maximum potential of the child's impaired auditory system is to be realized.
(4) The environment for spoken language: The stages of language development, of which I have cited only a couple of examples, characterize a sequence for normally-hearing children that comes about through personal interchange for communication. A number of recent studies have detailed the characteristics of 'discourse' between parent and child (Snow & Ferguson 1977) , and all indicate that although this interchange involves repetition and drill, it is not contrived, irrelevant drill. Language learning through speech communication seems to be most effective in a context of normal rewards, pleasure, and warmth of relations between infant and family members. This context seems to be the important experiential ingredient that must be added to the human genetic equipment if a child is to learn to use language. Such interchange can take place effortlessly when hearing is normal, but other researchers (e.g. Simmons-Martin 1979) have found that it is much more difficult for the family to provide such interchange when the child's hearing impairment is severe or profound. With these studies, it becomes clearer why Whetnall and others have emphasized that the mother and other persons around the hearing-impaired infant should hold the child close, particularly while talking to him.
Relation to otology
Otologists are frequently the first and chiefmedical consultants and educational recommenders for parents of deaf children. In addition to their concern for the health of the ear, they must know not only the different kinds of educational and clinical programmes available, but also how the values of these several programmes differ according to the age of hearing-impairment onset. As I have suggested, we fight against a relentless clock of age where early missed opportunities can be costly in terms of the maximum development available to a particular child. Figure 1 (after Hirsh 1967) will provide some acoustic and audiometric road signs. The lowest curve shows the threshold of audibility for pure tones as a function of frequency. This . Also shown is the same threshold of audibility for a patient with a 50 dB conductive hearing loss (top curve). The heavy line shows the long-time average spectrum for speech. The vertical lines show the relative amplitudes of the different harmonics for the vowel /w/, and the two dashed lines at the right show the continuous spectra for the consonant sounds /sh/ and /s/. (after Hirsh 1967, p 134) threshold is given on the ordinate scale in absolute values of sound pressure level. (In relative levels, it is the 0 dB hearing level straight line on the audiogram.) On this same graph we see the average long-term spectrum or distribution of sound pressure level with frequency for conversational speech. In addition, there are three sample spectra of three single speech sounds (/2/, /S/, and /sh/), showing the formant structure of the vowel /X/ critical for its identification, and for the two fricative consonants, the high-amplitude region of the spectrum which is important for their discrimination. Notice the threshold curve that runs parallel to the normal audibility curve. It shows the thresholds that would correspond to a flat audiogram with 50 dB hearing level at all frequencies.
Note that for what is called a mild or moderate hearing loss, speech at a distance of one metre is completely inaudible, except for occasional peaks in time as individual sounds rise above the average. Note also, however, that only slight hearing-aid amplification will bring the speech spectrum up to audibility, and thus make it available for learning and further processing. Decreasing the distance to the talker from one metre to 20 cm will have the same effect; this is of course the purpose of holding an infant close while talking to him. Both adjustments were suggested by Whetnall & Fry (1964) . Certainly, when we consider severe or profound deafness, the curve is further away from the speech spectrum than the 50 dB hearing level shown here. Thus early amplification and decreased talking distances are even more important.
The otologist and his paediatrician colleague may not feel qualified to provide information on early amplification, on auditory training in the context of communication, or on details of arrangements in the home and classroom for optimum acoustical conditions. If not, they ought to acquire information about particular centres or programmes where such information is available. To refer the parents of a severely or profoundly deaf child to 'a special school' may not be sufficient, because often the 'school' is not available until after the child is at least three years' old.
Current educational practices
Finally, we should note some features of subsequent schooling for severely or profoundly hearing-impaired children, particularly as present conditions contrast with those of the early 1950s. At that time there was considerable enthusiasm for oral education, that is, that deaf children should learn to talk and engage in the same language system as their hearing peers. The principles espoused by Edith Whetnall and most recently by Ling & Ling (1978) were, of course, not just for 'oral education'; all these authors favoured education based on cues provided by sound waves, whether they were received by ear or by the skin.
The arguments and division within the oralist tradition concern the role and use of nonacoustical language channels, for example, lipreading. There has always been a concern that if visual cues from the face were emphasized, the child might lose his ability to make use of any aspect of the auditory signal.
Today we see in some quarters a coming together of oral education with education in the language of signs, under a banner of 'total communication'. The old argument regarding visual language reappears in criticisms of this approach: will the dependence on manual communication interfere with learning to produce speech? There are enthusiastic advocates of manual communication for the very young who claim that signing allows easier and therefore earlier communication. These proponents suggest that in later stages of development sign language be either supplanted by or supplemented with more formal systems like 'signed English' and fingerspelling, so that the language spoken and the language signed can be the same.
We must wait for comparative studies in order to know whether signing helps or hinders speech, whether early speech helps or hinders signing, whether 'total communication' is really a misnomer for what is actually only manual communication, and whether any system or combination of systems is associated with good command of spoken language and normal reading achievement in hearing-impaired children (Oleron 1978) .
Finally, a word of caution: when a country or province or state has worked out a system for assigning children to special training, it becomes administratively simple to 'over-assign'. For example, the system may be too ready to consign to the 'deaf group a child who is found to be 'hearing-impaired'. My very immediate worry is that there are many youngsters with moderate hearing losses of 50 or 60 dB who are learning to depend on signing (because they are classified as hearing-impaired) when in fact they could be talking, hard-of-hearing children.
Summary
The hypotheses upon which the clinically-developed procedures of auditory education for very young deaf children are based do not depend solely on demonstrated results with those children. There is also some theoretical support in recent science. The abilities of a listener to detect, discriminate, and identify sounds do not arise from the genetic material alone. Hearing behaviour clearly reveals the effects of learning, in adults as well as in children, in the normally-hearing as well as in the hearing-impaired. Auditory learning begins with birth; thus in the case of defective auditory systems, aids to such learning must be implemented as early as possible, certainly well before the age traditionally thought to be crucial for language development.
Learning to speak a language is best accomplished when the spoken language is an implement of interpersonal communication. Modern studies have emphasized the languagerule learning evidenced by the production of novel sentences. Those rules are apparently inferred in the context of everyday conversation, play, and reward-getting activities. The more constrained procedures of a classroom, even of a nursery school, seem less conducive to such initial learning; these procedures are most effectively carried out when they have been preceded by early auditory and communicative learning.
